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ABSTRACT 


Two ciliate species of Blepharisma were collected from the riverine wetland and mountain peak soil in Korea, 
Blepharisma undulans Stein, 1867 and B. steini Kahl, 1932, which are reported for the first time from Korea. 
The description was based on the observations of live and protargol impregnation specimens. Diagnostics of 
these species (Blepharisma undulans vs. B. steini) are as follows. Body length/width ratio in vivo about 6/1 
vs. 2/1, shaped in spindle vs. pyriform to ellipsoid and colored in pinkish vs. reddish. Macronuclei 2 vs. 1, 
with 4-9 vs. 4-7 spherical micronuclei. Adoral zone of membranelles extends from anterior end to 1/3 vs. 1/2- 
2/3 of body length, with 47-56 vs. 33-45 adoral membranelles. The numbers of somatic kineties are 22-27 vs. 


18-22. 
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INTRODUCTION 


In 1849, Perty defined that the genus Blepharisma has pyri- 
form, spindle-form or ellipsoidal body, somewhat narrowing 
anteriorly, with dense ciliation, sharply curved peristome, 
and contractile vacuole as well as cytopyge in posterior part 
and color by pigments in subpellicular granules. The longi- 
tudinal ciliary rows lie in ridges and are variable in number 
depending upon the size of the organisms (Kudo, 1954; 
Bhandary, 1962; Hirshfield et al., 1965; Giese, 1973). 

Some members of Blepharisma most easily mistaken for 
Spirostomum species which is rarely colored (never pink or 
red) and is contractile, has a collecting canal serving the 
contractile vacuole (Curds et al., 1983). Blepharisma has 
extensive variation because they are greatly affected by nutri- 
tion (size, shape, ciliary rows etc). Suzuki (1954) paid atten- 
tion to the taxonomic confusion and proposed three subspe- 
cies of B. undulans : B. undulans undulans, B. undulans 
americanus and B. undulans japonicus mostly based on the 
nuclear behavior in division, as well as vegetative macronu- 
clear configuration. After then, Bhandary (1962) elevated 
these three subspecies to species level and primarily empha- 
sized the shape and size of macronucleus, body size, nuclear 
division, and conjugation. 

The subgeneric groups of Blepharisma are based chiefly 
on the macronuclear configuration. Hirshfield et al. (1965) 
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suggested the four types of Blepharisma using the form of 
the interphase macronucleus: 1) compact, 2) filiform, 3) two 
or more nodes connected by a thin strand, and 4) two nodes 
connected by a thick strand or dumb-bell shaped. In addition, 
Giese (1973) also proposed four subgroups based on the forms 
of macronucleus: 1) compact, 2) filiform, 3) bimodal and 4) 
multimodal types. The status of the Blepharismidae and the 
subgeneric classification of Blepharisma based on nuclear 
configuration are not supported by the ontogenetic data avail- 
able (Aescht and Foissner, 1998; Lynn, 2008). 

More than 30 species of the genus Blepharisma have been 
reported from fresh, blackish and sea water as well as from 
the soil of many parts of the world (Hirshfield et al., 1965; 
Isquith et al., 1965; Dragesco, 1970; Giese, 1973; Dragesco 
and Dragesco-Kernéis, 1986; Al-Rasheid, 2001). In Korea, 
there are some records about the species of Blepharisma by 
some biological studies but no taxonomical records on this 
genus to confirm the reality of them. 

The aim of the present work is to redescribe Blepharisma 
undulans and B. steini new to Korea. 


MATERIALS AND METHODS 


The specimens of Blepharisma undulans were collected from 
the rotting vegetation of freshwater in riverine wetland, Geum- 
sa-myeon, Yeoju-gun, Gyeonggi-do (E 127° 3144” N 37° 
25°23”), on 8 January 2008. The specimens of B. steini were 
collected from the soil contained dry fallen leaves in the peak 
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of the Mt. Munsu, Ulsan (E 129° 12717” N 35°31’55””), on 
17 May 2008. The raw cultures of soil samples were esta- 
blished at room temperature in laboratory using non-flooded 
petri dish method (Foissner, 1992a). 

Living specimens were isolated and examined under the 
bright field and differential interference contrast micro- 
scopes ( X 50-1,000). The living and silver impregnated spe- 
cimens were prepared by modified protargol and dry stain- 
ing methods (Wilbert, 1975; Foissner, 1992b; Shin and Kim, 
1993). Terminology and taxonomic scheme mostly follow 
Lynn (2008). Abbreviations are as follows. AZM : adoral 
zone of membranelles, AMs : adoral membranelles, CV : Con- 
tractile vacuole, Ma: macronucleus, Mi: micronucleus, OG: 
oral groove, PM: paroral membrane, PMA: anterior portion 
of paroral membrane, PMP: posterior portion of paroral mem- 
brane, SKs : somatic kineties. 


RESULTS AND DISCUSSION 


Family Blepharismidae Jankowski in Small & Lynn, 1985 
Genus Blepharisma Perty, 1849 
1. Blepharisma undulans Stein, 1867 
(Figs. 1, 2 and Table 1) 
Blepharisma undulans Stein, 1867, p. 186; Kahl, 1932, p. 
444; Suzuki, 1954, p. 206; Bhandary, 1962, p. 437; Liif- 
tenegger et al., 1985, p. 575. 


Description. Body shape spindle or bat-shaped, flattened 
laterally when not stuffed with food and very flexible but 
non-contractile; size 150-250 x 27.5-45 um (average 203.8 
x 34.2 um) in vivo, length/width ratio about 6/1 (Fig. 1A-D). 
Cytoplasm colorless, while body surface colored pale pink 
due to subpellicular or cortical granules. Subpellicular gra- 
nules having two patterns; 1) 4-5 rows pinkish subpellicular 


Table 1. Morphometric data of Blepharisma steini (Bs) and B. undulans (Bu) 


Characters Method Species Mean Min. Max. Med. SD SE Cv (%) n 
Body length L Bs 87.4 68.0 120.0 85.0 15.4 3.7 17.6 17 
L Bu 203.8 150.0 250.0 203.8 28.2 7A 13.9 16 

S Bs 88.1 73.0 101:0 88.0 8.0 2.5 9.1 10 

S Bu 155.4 83.0 245.0 170.0 47.1 10.5 30.3 20 

Body width L Bs 41.8 35.0 50.0 40.0 4.7 1.2 11.3 15 
L Bu 34.2 27.5 45.0 33.8 3.4 0.9 10.0 16 

$ Bs 56.8 41.5 68.0 58.5 7.9 2.5 13.9 10 

S Bu 66.4 26.0 94.0 62.8 18.1 3.9 27.2 22 

AZM length L Bs 57.5 50.0 75.0 55.0 8.4 2.4 14.5 12 
L Bu 71.1 57.5 92.5 75.0 8.4 2.2 11.7 15 

5 Bs 51.1 32.0 65.0 55.0 9.3 2.9 18.1 10 

S Bu 81.5 61.0 100.0 80.0 10.0 2.1 12:3 23 

AMs number S Bs 38.9 33:0 45.0 39.0 3:5 0.9 9.0 15 
S Bu 51.2 47.0 56.0 50.5 2.6 0.6 5.0 16 

SKs number S Bs 19.3 18.0 22.0 19.0 1:3 0.4 6.8 13 
S Bu 24.5 22.0 27.0 25.0 1i 0.3 4.6 14 

Ma number 5 Bs 1.0 1.0 1.0 1.0 0.0 0.0 0.0 7 
5 Bu 2.0 2.0 2.0 2.0 0.0 0.0 0.0 21 

Ma length S Bs 26.1 23.0 36.0 25.0 4.5 1:7 17.3 7 
Ma width S Bs 10.3 9.0 11.0 10.5 0.8 0.3 7.9 6 
Ma length (anterior) S Bu 25.9 13:0 50.0 23.5 10.9 2.6 42.0 18 
ý (posterior) S Bu 21.8 12:0 36.0 20.0 6.1 1.4 27.9 19 

Ma width (anterior) 5 Bu 16.3 8.5 28.0 14.5 5.6 1:3 34.4 18 
á (posterior) S Bu 16.6 10.0 30.0 15.0 4.9 1.1 29.7 19 

Mi number S Bs 5.4 4.0 7.0 5.0 Teil 0.5 2174 5 
S Bu 6.6 4.0 9.0 7.0 Lz 0.4 25.8 16 

Mi diameter $ Bs 1.8 1:5 2.5 1:5 0.4 0.2 24.8 5 
S Bu 2:5 2:0 3.0 2.5 0.4 0.1 15.4 14 

CV diameter L Bs 14.2 12.5 15.0 15.0 1.4 0.8 10.2 3 
L Bu 21.7 17.5 25.0 22.5 3.1 1.0 14.1 9 


The abbreviations in the table are the same as in the text, the abbreviations not in text are as follows : Min.=minimum; Max.=maximum; Med.=median; 
SD=standard deviation; SE=standard error; Cv=coefficient of variation in %; n=population size; L=live; S=stained. The unit of length and width is um. 
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Fig. 1. Blepharisma undulans Stein, 1867. A-D, B. undulans body shape variation in live; very long and prominent PM (arrow in A). 


E and F, oral apparatus (arrowhead indicates OG, double arrowhead indicates cytopharynx, arrow indicates AZM) and infraciliature. 


Scale bar=50 um. 
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Fig. 2. Blepharisma undulans Stein, 1867. A, photograph after protargol impregnation. B and C, illustration of protargol impregnat- 
AZM and PM. Scale bar=50 um. 


ed specimens; B right side, C left side. D, subpellicular granules (> 1 um) arrangement. E, oral groove (arrowhead) locates between 
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granules arranged parallel to body axis between ciliary rows, 
2) 10-15 subpellicular granules gathered in each basal body 
neighborhood of somatic cirri (Fig. 2D). CV located in pos- 
terior body without collecting canals, 25 um in diameter. 
Near CV, food vacuoles emitting digested food or debris 
through pore like anus in body posterior. Oral apparatus 
consisting of AZM, OG (or peristomal field), cytopharynx 
(gullet) and very prominent PM. AZM 57.5-92.5 um in leng- 
th, covering 1/3 part of body along left border of anterior, 
consisting of 47-56 AMs. Oral groove between AZM and PM 
terminating at gullet. Gullet leading into formation of food 
vacuole. PM consisting of PMA and PMP. PMA composed 
of a line of single basal bodies and PMP composed of paired 
basal bodies (Fig. 1E, F). 

Ma consisting of two parts, one part located in anterior 
half and another located in posterior half of body; anterior 
Ma 13-50 x 8.5-28 um and posterior Ma 12-36 x 10-30 um 
in stained size. Ma connecting each other by a thin strand, 
each Ma shaped like ellipsoidal in stained. Four to nine spher- 
ical Mi locating close to the Ma surface and not embedded, 
diameter 2-3 um in stained. 

Twenty two-27 SKs consisting of numerous cirri 6-7 um 
in length. On the right side of cell, SKs running parallel to 
OG (Fig. 2B), while on the left side SKs running obliquely 
(Fig. 2C). 

Distribution. Europe, Africa, America and Asia (China, India, 
Japan and Korea). 

Remark. Blepharisma undulans has been redescribed many 
times since the first description by Stein in 1867. But B. 
undulans had many disagreements between the original des- 
cription and other previous investigations. In 1954, Suzuki 
separated B. undulans Stein, 1867 as three subspecies under 
Blepharisma undulans (B. undulans americanus, B. undu- 
lans japonicus and B. undulans undulans) by Ma shape as 
well as performance in division. These three subspecies 
were elevated to the specific status as a species by Bhandary 
(1962). 

The five species of Blepharisma have binodal Ma includ- 
ing B. undulans Stein, 1867, B. semifiliformis Isquith, 1966, 
B. tropicum Bhandary, 1962 and B. ichthyoides Gelei, 1933 
and B. biancae Lepsi, 1948, while Blepharisma biancae is 
considered a nomen nudum because the original description 
is insufficient to characterize it (Giese, 1973). Blepharisma 
semifiliformis has bipartite Ma (generally one node) which 
is joined to an elongated node by a strand of varying thick- 
ness while B. undulans bimodal Ma connected with thin 
strand. The Ma of B. tropicum has two nodes connected by 
strand that is very thick as compared to B. undulans or is 
dumb-bell shaped. Blepharisma ichthyoides has short PM 
while long PM in B. undulans. 

The characteristics of this population coincide with those 
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of Japanese population except for body shape (Suzuki, 1954). 
They have a similar to body length, the number of SKs, the 
number and shape of Ma and Mi. The Japanese population 
had spindle shape and tapering towards and round extremi- 
ties, while this population has a slight variation in shape of 
spindle to baseball bat. 


2. Blepharisma steini Kahl, 1932 (Fig. 3 and Table 1) 
Blepharisma steini Kahl, 1932, p. 444; Kahl, 1935, p. 839; 
Kudo, 1954, p. 803; Larsen and Nilsson, 1983, p. 93, Figs. 
3, 4; Al-Rasheid, 2001, p. 142. 
Blepharisma lateritium: Penard, 1922, p. 189. 


Description. Body shape pyriform, anterior pole like a beak 
curved leftward; being starved, body compressed dorsoven- 
trally, while being fed, body shaped droplet-wise and round- 
ed posteriorly. Size 68-120 x 35-50 um in vivo, length/width 
ratio about 2/1 (Fig. 3A-D). Body unflexible and pink to 
bright reddish in color. AMs fluttered actively, the cell 
moving with rotation in clockwise direction. Single large CV 
at body posterior without canals; 12.5-15 um in diameter. 
Mostly food vacuoles located posterior of body near CV, 
emitted food debris through pore like anus in body posterior. 

Oral apparatus consisting of AZM, OG (or peristomal 
filed), PM and cytopharynx (or gullet). AZM located along 
left edge winding onto ventral surface and extended to 1/2- 
2/3 of body length (50-75 um in vivo), conspicuous PM on 
right of oral groove. OG positioned between AZM and PM, 
and terminated at gullet. Gullet leading into formation of 
food vacuole. AZM consisting 33-45 AMs. 

One Ma compact, reniform or ovoid form, located in cen- 
ter of body (Fig. 3K); size 23-36 x 9-11 um (average 26 x 10 
um) in stained. Four to 7 spherical Mi, each 1.5-2.5 um in 
diameter and attached to surface of Ma. 

Somatic kineties 18-22 in number total, on right side of 

organism, running parallel to body longitudinal axis (Fig. 
3E, G), while on left side, running obliquely (Fig. 3F, H). 
Many pinkish subpellicular granules scattered within cortex 
between kineties (Fig. 3J). When organism touched or stres- 
sed during observation, granules easily disappeared. 
Distribution. Europe, North America and Asia (Saudi Ara- 
bia, Korea). 
Remark. The populations of Blepharisma steini have some 
variations in body length, for example, 150-200 um in Ger- 
man population, 70-80 um in American, 80-120 um in Fren- 
ch, and 68-120 um in Korean (Penard, 1922; Kahl, 1932; the 
present study). The descriptions on this species were rare 
and poor because the size of this species is small and the 
cells are susceptible to burst up, so it is not easy to handle 
the specimens. 

Blepharisma steini is very similar B. lateritium (Ehren- 
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Fig. 3. Blepharisma steini Kahl, 1932. A, C and B, D, illustrations and photographs of B. steini in live. E and F, illustrations of protargol 
impregnated specimens; E right side, F left side. G-I, photographs of protargol impregnated specimens G right side, H and I left 
side. J, subpellicular granules (> 1 um) arrangement in live. K, variation of Ma. Scale bars=50 um. 
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berg, 1931) Kahl, 1932 and B. hyalinum Perty, 1852. Ble- 
pharisma steini is most similar to B. lateritium but different 
from it on the following points : (1) smaller than B. lateritium 
(68-120 vs. 130-200 um); (2) number of Mi is more than in 
B. lateritium (4-7 vs. 1); (3) number of SKs is less than in B. 
lateritium (18-22 vs. 40); (4) number of subpellicular gra- 
nules around each somatic cilia is 10-15 in B. steini, but not 
mentoned in B. lateritium; (5) number of AMs is more than 
B. lateritium (33-45 vs. 30) (Kahl, 1932). 

Blepharisma steini is also very similar to B. hyalinum, but 
different from it on the following points : (1) shape of pos- 
terior end is rounded (vs. pointed in B. hyalinum); (2) color 
of subpellicular granule is pinkish or bright reddish, while is 
colorless or transparent in B. hyalinum; (3) number of SKs 
is more than in B. hyalinum (18-22 vs. 15-18); (4) number 
of AMs is more in B. hyalinum (33-45 vs. 25) (Dragesco and 
Dragesco-Kernéis, 1986). 
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